Mutations and epimutations in mammalian cells.
Early studies on heritable variation in cultured mammalian cells suggested that both mutation and epigenetic events might be involved. The importance of mutations has subsequently been fully documented, but only recently has an alternative form of inheritance been uncovered. This is based on the post-synthetic methylation of cytosine in regulatory regions of genes. The pattern of methylation is heritable, and in almost all cases studied, methylation of a region is associated with lack of gene expression. Such silent genes can be reactivated by the powerful demethylating agent 5-azacytidine (5-aza-CR). Changes in heritable DNA methylation which alter phenotype are referred to as epimutations. It now seems very likely that the well known 'functional hemizygosity' in CHO cells and other near diploid cell lines is due to the existence of one active and one silent gene at many autosomal loci. It is clear that permanent cell lines inactivate genes by de novo methylation, whereas normal diploid cells do not have this activity. This has important implications for our understanding of cellular transformation, tumor progression, and the increase in chromosome number frequently associated with these cellular changes. It is likely that both mutations and epimutations are important in the emergence of fully transformed tumorigenic cells. Agents which increase or reduce DNA methylation in cells can be regarded as epimutagens, although in many cases the mechanisms of inducing hypo- or hyper-methylation are not understood. Two exceptions are 5-aza-CR which inhibits the normal DNA maintenance methylase activity, and 5-methyldeoxycytidine triphosphate which is incorporated into cellular DNA following electroporation and has been shown to silence genes.